Abstract. The present study was conducted to investigate the in vivo to assess the effect of ostrich egg white (OEW)-derived graft substitutes on bone healing and comparative with selfregeneration of control site in dogs. The eight male domestic dogs (3-4 years old, weighing 20-30 kg) were used. Bone formation was assessed by using of OEW as kind of biomaterial that has flexibility and jelly shape with high compatibility. The implant was harvested after 4 and 8 weeks, and the area of new bone formation was quantified by radiology and densitometry studies. The highest bone formation was achieved with the OEW treatment, and it was significantly higher than that achieved with the empty treatment. The quantity of new bone at end of 8 weeks was greater than at 4 weeks in treated group. The researcher also show that Using OEW, the bone regeneration significantly increased within the implanted site in the biomaterial group, in the second month of the experiment, when compared to the control group. Furthermore, bone regeneration was significantly higher in the implant treatment biomaterial site of individual OEW, after implantation times, it's showed little effect in enhancing bone regeneration 4 weeks postimplantation. Overall, it can be concluded that OEW (safe, cheap, and easily available) is a potent osteoidinductive component that plays critical role during bone regeneration and repairing in animal model.
Introduction
Bone is a dynamic tissue that continuously regenerates and has the ability to heal following fractures [TAYLOR et al., 2007] .
However, sufficiently large defects resulting from traumatic bone loss, tumor resections, or infection cannot heal without intervention, and thus the treatment of these skeletal complications presents difficult challenges inorthopedic medicine [GIANNOUDIS et al., 2005] .
Bone grafting is widely used in clinical procedures to promote healing of non-unions and large defects in human and animal.
Bone repairing is a complex cascade of biological events controlled by numerous cytokines and growth factors that provide signals at local injury sites, allowing progenitors and inflammatory cells to migrate and trigger healing processes [LIEBERMAN et al., 2002] .
Implants that serve simultaneously as an osteoidconductive matrix and as a device for local growth factor delivery may be required for optimal bone regeneration in some applications [HING, 2005] .
The osteoidinductive properties of synthetic ceramics, including biphasic calcium phosphate, are insufficient for the healing of extensive bone defects.
However, to overcome the problem, several growth factors, such as bone morphogenetic proteins (BMPs), fibroblast growth factors, vascular endothelial growth factors and natural materials have been used for bone tissue engineering [ARAVAMUDHAN et al., 2013] .
Although many growth factors have shown potential for use in bone regeneration and repair, during previous decades avian component had been introduced as a candidate for bone substitute in the field of maxillofacial surgery.
Ostrich egg white (OEW) is rich in ovalbumin, overrunsferine, ovummucoid, and lysozyme [MINE, 2002] .
Ovalbumin constitutes over half of the total egg white proteins, it is a monomeric phosphoglycoprotein, and has been used extensively as a model for studying the structure-function relationships of proteins.
Functionally, ovalbumin is important for the gelling, foaming, and emulsifying properties of egg white [MINE, 2002] .
Immunogenic ovalbumin peptides have been used to enhance immune responses for cancer immunotherapy [GOLDBERG et al., 2003; HE et al., 2003] .
Furthermore, keeping in view the cited benefits of OEW, in the work reported here, we have investigated thein vivo to assess the effect of OEW-derived graft substitutes on bone healing and comparative with self-regeneration of control site in dogs.
Material and methods

Location and Research Ethics
This study was performed at College of Veterinary Medicine, Shahrekord, Islamic Azad University, located in Shahrekord province; Iran (50°49ʹN and 53º44ʹE) from June to December 2015.
The animals were kept in a restricted access room under controlled temperature conditions (22°C) and light/dark cycles (12h/12h), with free access to food and fresh water.
The research protocol was approved by the Research Ethics Committee of the College of Veterinary Medicine, Shahrekord Branch, Islamic Azad University. All the experiments were carried out in accordance with the rules of the Institutional Animal Care and Use Committee.
The study design and the parameters for tissue reaction evaluation were in accordance with the ISO 10993-6 (1994) standard.
Ostrich egg parts:
The mean ostrich egg weight is about 1580 g (Table 1 ) and about 60% of the mass of the ostrich egg is comprised by the albumen. Then, the egg white was manually extracted by syringe. After extracting, the syringe was individually packed and sterilized with ethylene oxide for 1 hour at room temperature (AX-400, Axis, and Izmir, Turkey).
Experimental Animals and Surgical Technique
In order to assess the effect of ostrich egg white-derived graft substitutes on bone healing, the present study was conducted on eight adult male domestic dogs (3-4 years old, weighing 20-30 kg).
The isoflurane anaesthetized dogs underwent surgery under sterile conditions.
The caudomedial approach to the medial part of the right tibia was performed via 1-1.5 cm incisions ( Figure  1 ). Figure 1 . Make two holes on the tibia by surgical drills After removing the surrounding musculature to isolate the tibia, an 8-mm wide osteotomy was performed by using oscillating saw.
Further, 1 cc of ostrich egg white was implanted to the site of osteotomy.
The fixation of the implant was accomplished by using two simple discontinuous periosteal sutures (2-0 nylon) of the cranial and caudal face of the proximal fragment.
The other site of the tibia was only subjected to osteotomy and served as negative control for natural healing.
Densitometry was performed by using the LC NDT FV-2009 Viewer.
Wound closure was accomplished by the opposition of the subcutaneous tissue in a simple continuous pattern (2-0 polyglactin 910) and by a simple discontinuous skin pattern (2-0 nylon), keto profen (1 mg/kg every 24 h for 3 days) being administered as an analgesic/anti-inflammatory drug.
The animal's radiographs were obtained after, 0 and 4 and 8weeks (Trophy CCX Digital, Croissy-Beaubourg, France) at an exposure of 50 kV, 7 mA for 0.5 seconds.
Statistics and data analysis Results were expressed as means±SD. ANOVA was performed and mean comparisons were carried out by Duncan's multiple range tests. Differences were considered significant for P < 0.05. Statistical analysis was performed using SPSS 19.1 for Windows (SPSS Inc., Chicago, IL).
Results and discussion
Radiological examination was shown that minimal bone regeneration at the periphery of the bone defect site in the positive control part, one month after surgery. Therefore, the finding indicated that bone formation displayed centripetal progression from the entire circumference of the defect. In the treatment groups, small particles were absorbed more excessively than the larger ones.
Bone regeneration was considerable in both groups, when compared to the first group in the first month of the experiment.
Bone regeneration significantly increased within the implanted site in the biomaterial group, in the second month of the experiment, when compared to the control group. Both part of defect rated from 0 to 4 and after that analyzed by SPSS software, we can see P value of them on the table 1.
Chart 1 refers to treatment biomaterial site and chart 2 refers to positive control site that shown all of changes.
On the other hand, density of previous surgery is indicator and the other site of defect should be goes to near this chart.
The radiographs obtained in this study were used in the laboratory for densitometry analysis of bone healing. Figure 2A shows part positive controls and part treatment biomaterial on the Xray images acquired after surgery. Figure  2B shows the X-ray image of the tibia 4 weeks after surgery in the first group and Figure 2C shows the X-ray image of the tibia 8 weeks after surgery in the second group. According to the densitometer, number of radiographic density in terms of Cd /m 2 is lesser represents an increase radioopacity or an increase bone density due to X-ray pass of radiography film (According to score when high opacity has the score in the radiograph goes to 0 and when low opacity has the score in radiograph, goes to 4 rates). The present study was conducted to investigate the in vivo to assess the effect of ostrich egg white (OEW) derived graft substitutes on bone healing and comparative with self-regeneration of control site in dogs.
In recent years, this tendency has been well documented inliterature and demonstrated great promise of the nanofibers-based and natural additive for bone regeneration.
In the setting of bone tissue engineering, it is critical to develop a biomaterial that can chemically and structurally mimic the native extracellular matrix of the bone [HUANHUAN et al., 2013] .
Thus, during previous decades in the bone tissue engineering researches it is rational strategy to develop composites scaffolds with Nano fibers ultra-structure to recapitalize the extracellular matrix of bone.
In this study, OEW was adapted to create composite bone graft substitutes for tissue engineering applications and preclinical studies of bone healing in small animal models. While other studies have investigated parameters related to the powder, such as chemical composition [KLAMMERT et al., 2010; JASON et al., 2014] , particle size [GOLDBERG et al., 2003] and a commercial 3D printer [JASON et al., 2014] .
The main aim of this study attempt to reconstruct hard injures like bone defect. According to previous study that performed by other scientist, we need to improve hard tissue immediately because skeletal system has important role between the other organ. We could help them by new biomaterial that is natural and it's not expensive.
OEW have several key attributes that make them an attractive system for regeneration, including biocompatibility, degradability, and as well as porous structure facilitate intergrowth through newly formed bone.
Based on the results on the present study, OEW are primary focuses for synthetic bone graft substitutes because they are osteoidconductive and provide sufficient mechanical strength.
Results of the present study showed that 8 mm critical sized defects were created in the tibia bone of dogs because that the bony lesions above this critical size become scarred rather than regenerated, leading to remain a cavity [LIND et al., 1993; BAUER and MUTSCHLER, 2000] .
Such large defects have been traditionally treated with bone graft substitutes.
When using a bone graft, it is expected that the wound will heal and that some form of new bone formation will occur, and then support [BODNER, 1996] .
It is replacement of the bone defect, although autographs and allograft meet most of the expectations, they also have disadvantages such as limited availability of donor tissue, donor site morbidity, and unfavorable immunogenic response from the host, potential disease transmission, and difficulty in providing the desired shape [BODNER, 1996 , FERENCZ, et al., 2012 .
From the results of the present experiment, bone regeneration increased significantly in both groups of defects with an increase in implantation time from 4 to 8 weeks.
Bone regeneration was significantly higher in the implant treatment biomaterial site of individual OEW, after implantation times. It's showed that little effect in enhancing bone regeneration 4 weeks post-implantation.
Mann and collab. [MANN et al. 2004] suggested that the harvesting and sterilization methods of the graft materials were highly effective on the osteogenic capabilities of the materials.
A graft material would allow the formation of bone, safe biodegradation, and allow the functional load to native bone [COELHO et al., 2009; LeGEROS, 1991] .
The first signs of remodeling are seen with osteoid and a vascular network in an intra-membranous-like healing pattern that undergoes remodeling over the course of several months/years [GUARNERI et al., 2004; ARAUJO et al., 2010] .
Calcium plays a central role in any discussion of bone health.
A low intake and bioavailability of calcium may affect peak bone mass negatively [CASHMAN, 2002] .
However, most Chinese have an insufficient intake of milk products, and some of the green vegetables have a low bioavailability of calcium [DAENGPROK et al., 2003 , BUTU, et al., 2014 , BUTNARIU, et al., 2015 .
Our previous study has confirmed that the peptides prepared from component of egg white can bind calcium and prevent calcium from precipitating in vitro [ZHAO et al., 2013] .
Also some complex proteins in avian egg white can help to transport calcium into skeletal tissue [LV et al., 2013; LV et al., 2008] .
On the other hand, some component of egg white help to angiogenesis next to hard tissue for high blood supply that is useful for healing and treatment of hard and soft lesion [LIU et al., 2010] .
Conclusions
In conclusion, according to result of this article we arrived to best quality of bone repair in short time and the bone doesn't have any misshape after treatment by OEW implantation. This system promotes large volumes of regenerated bone and a high probability of bridging in a dog critical defect. Further study its osteoproductive activity alone or in combination with other materials. 
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